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vJ-:-7='-?S^- ■ APPENDIX D 

MCLTI-IAyER FUEL AND VAPOR TOBE 

y;..!: : I. FleHl Of the invention: 

Vh^ present Invention relates to a hose for use in a 
S motor vehiole. More particularly, the present invsntion relates 
to a multi-layer hose which can be employed as a fuel line or 
vapor recovery line in a motor vehicle. 

IZ. Badearound of the Invention: 

single layer fuel lines and vapor return lines o£ 
10 synthetic materials such as polyamides have been proposed and 
.-■ ' • ampioyed in the past. Fuel lines employing such materials 

generally have lengths of at least several meters. It is 
important that the line, once installed, not materially chzmge 
during the length of operation, either by shrinkage or elongation 
' ' . ' ^ 15 or as a result 'of the stresses to which the line nay be subject 

. , , during use. It is also becoming increasingly important that the 

'.. ; ■ lines employed be essentially impervious to hydrocarbon emissions 

due to p^neatlon through the tubing. It is anticipated that 
. future Federal regulations will fix the liloit for permissible 

. 30 hydrocarbon emissions due to permeation through such lines. A 

permeation level equal to or below 0.5 g/m^ per 24 hour period is 
required for the lines to meet the nev Federal Regulations. 
Finally, it is also in^Mwrativa that the fuel line employed be 
impervious to interaction with corrosive materials present in the 
25 fuel such as oxidative agents and surfactants as well as 
, . additives such ss ethanol and methanol. 

: ,: ; ' Various types ot tubing have been proposed to address 

' ' '. these concerns. In general, the most suoeeseful of these have 

■ : been co-extruded multi-layer tubing which employ a relatively 

30 thicJc outer layer ebsipo&ed of a material resistant to the 

exterior envlromnent. The innermost layer is thinner and is 
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eompoBsd of a material which is chosen for its ability to blsdc 
diffusion of materials such &s aliphatic hydrocarbons, ainohois 
ana other materials present in fuel blends, to the outer layer. 
The jaateriala of choice for the inner layer are polyanides such 
■ - 5 as Nylon 6, Hyion 6.6, Kylon ll, and Nylon 12. 

Alcohol and aronatica in the fluid conveyed through the 
tube diffuse at different rates through the tubing vail frooa the 
aliphatic coaponents. The resulting change in the composition of 
the liquid in the tubing can change the solubility thresholds of 
10 the naterial so as, for exatople, to be able to crystalize 
' - >■■ monomers and oligooers of materials such as nylon il and Nylon 12 

into the liquid. The presence of copper ions, which can be 
picked up franv the fuel pump, accelerates this crystallization. 
The crystallised precipitate can block filters and fuel- Injectors 
': 15 and collect to limit travel «3f the fuel-pump or carburetor float 

: ; "v..;.. ■ as well as build up on critical control surfaces of the fuel 

puB^. 

•■ . In U.S. patent NUmber 5,07 6,329 to Brunnhofer, a five- 

v ' layer fuel line is proposed which is con^Msed of a thick outer 

20 layer formed of Nylon 11 or Nylon 12, a thick, intenaediate layer 
: . of Nylon 6, and a thin intermediate bonding layer between and 

bonded to the inten&ediate and outer layers formed of a 
polyethylene or a polypropylene. On the interior of the tubs is 
an inner layer of Nylon 6 with a thin intermediate solvent- 
is blocking layer formed of an ethylene-vinyl alcohol c<^>olymar 
transposed between. The use of Nylon 6 in the inner fluid 
contacting surface is designed to eliminate at least a portion of 
the monomer and oligomer dissolution which occurs with Nylon 11 
or Nylon 12, 

. - ' 30 In n.s. Patent Number 5,03B,833 to Brunnhofer, a three- 

layer fuel lino ie proposed in whioh a tube is fomad having a 
co-extruded outer wall of Nylon 11 or Nylon 12, an intermediate 
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&lcohol barzxer wall formed from an ettiylene~viiiyl alcohol 
copolymer, and an, inner water-blocking wall formBd from a 
polyauide such as Nylon 11 or NyXon 12. In DE 40 06 670, a fuel 
line is proposed in which an intemediate solvent barrier layer 
5 is formed of unnodified Nylon 6.6 either s^iarately or in 

combination vltb blends □£ polyamide elas toners. The internal 
layar is also composed of poiyamidas; preferably modified or 
unaodified Hylon 6 while the outer layer is coc^sed of either 
nylon 6 or ITyion 12. 
10 Another tubing designed to be resistant to alcoholic 

media is disclosed in DK Application dumber 2 2 04 376 A in vhich 
a tube is produced vbich has an thick outer layer composed of 
polyamides such as Hylon 6 or 6.6 2Uld/or Nylon 11 or 12 Which are 
co-extruded with an alcohol-resistant polyolefin, a cD-polymsr of 
^5 propylene and aaleic acid. 

Heretofore it has been extreaely difficult to obtain 
satisfactory lamination oharaoteristics between dissimilar 
polymer layers. Thus all of the multi-layer tubing proposed 
previously has eiaployed polyaaide-based aaterials in most or all 
20 of the multiple layers. While r«ny more effective solvent- 
resistant chemicals exist, their use in this area is limited due 
to limited elongation properties, strength and con^tibility with 
Nylon 11 and 12. Additionally, the previous disclosures fail to 
address or appreciate the phenomenon of electrostatic discharge. 
'25 Bleetrostatic discharge can be defined as the release 

of electric charge built up or derived from fche passage of 
charged particles through a medium or conduit composed of 
essentially non-conductive materials. The electrostatic charge 
is repeatedly replenished with the passage of additional volumes 
30 of fuel through the conduit. Discbarge repeatedly occurs in the 
same localized area gradually eroding the area and leading to 

■i 

3 
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Qvejitua.1 mptare leading to the dflnger of fire and explosion of 
the flanouaJ^le contents o£ the tiihing. 

Thus it voixld be desirahle to provide a tubing material 
which could be employed in motor vehicles which would be durable 
5 and prevent or reduce permaatlon of organic materials 

therethrough. It would also be desirable to provide a tubing 
material which would be essentially nonreactiva with contponents 
of the liquid being conveyed therein. Finally, it would be 
desirable to provide a tubing isaterial vhieh would be capable Of 
10 preventing the huiid-up of electrostatic discharge therein or 

would be capable of safely dissipating any electrostatic charge 
induced therein- 

SDHHART OF THE IHTHHTIOIT 

The present invention is a multi-layer tube which can 
15 be used' an motor vehicles for applications such as in a fuel line 
or a vapor return or recovery line. The tube of the present 
invention is composed of; 

a thick flexible outer tubing having an inner and an 
outer face, the outer tubing consisting essentially of an 
20 extrudable melt precessible thermoplastic having an elongaUon 

value of at least 150% and an ability to withstand impacts of at 
least 2 ft/lbs at temperatures below about -ZCC; 

a thin intermediate bonding layer bonded to the inner 
face of the thick outer layer, the banding layer consisting 
25 essentially of an extrudable melt processible thermoplastic 

capable of sufficiently permanent lamin&r adhesion to the outer 
tubing r and 

an inner hydrocarbon barrier layer bonded to the 
intermediate bonding layer, the inner layer consisting of an 
30 extrudable melt processible thermoplastic capable of sufficiently 
permanent laminar adhesion with the intermediate bonding layer, 
the thermoplastic containing as a major constituent a 
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£luoroplasti.c selected from t&e group consisting of 
polyvlnyljLdlnB £].uorida, poXyvinyl£luoridB, Atid mixtares 'thereof. 

In the preferred enbodiaent of this invention, the 
inner hydrocarbon layer is capahle of dissipating electrostatic 
5 enargy, the aleetrestatie dissipation capacity being in a range 
between about lO*"* to 10"' ohsi/ca^. 

DESCRIPTIQW OF THE DRAWIWG 
The objects, features and advantages of the present 
invention will hecome more readily apparent from the fallowing 
10 description, reference being made to the following drawing in 

which Che Flgxire is a sectional view through a piece of tubing of 
the present invention. 

DESCatXPTION OF Tgg ^ j > Jp6^E»J^ED_ SMB0DIM;ENT 
The present invention is a multi-layer fuel line and 
15 vapor t\ibe which contains at least one bonding layer and at least 
an outer and an inner tubing layer. The tubing of the present 
invention is, preferably, fabricated by co-extruding given 
tbemcplastic materials in a conventional co-extrusion process. 
The tubing say either be co-extruded to a suitable length or may 
20 be CO— extruded in continuous length and cut to fit the given 

application subsequently. The tubing of the present invention 
may have an outer diameter up to 50 tnio. However, in applications 
such as fuel lines and vapor recovery Bysteqs, outer diameter of 
up to 2 inches are preferred. 
25 Tho material may have any suitable wall thickness 

desired. However, in automotive systems such as those described 
herein, wall thiclcneases between 0.5 mm and 2 mm are generally 
employed with wall thicknesses of approximately O.d to z.,5 mm 
being preferred. While it is within the scope Of this invention 
30 to prepare a tubing material having a plurality of overlaying 
layers of various thermopiastia matorlalB, the tubing of the 
present invention generally has a naxiinum of five layers 
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inclusive o£ the bonding layers. In 'fche preferred ertbodimen't, 
tbe tubing material has three or fonr. 

The tubing 10 of the- present Invention Is a material 
Which is suitable Cor ueq in iftotor vehicles and comprises a 
5 relatively thick outer layer 12 which is non-reactive with the 
external environment and can withstand various shocJcs, 
vibrational fatiga«, and changes in temperature as veil as 
exposure to various corrosive or degradative confounds to which 
it would be es^osed through the noraal course of operation of the 

10 uotor vehicle. 

It is anticipated that both the outer tubing layer 12 
as well as any Interior layers bonded thereto would be suitable 
for use at an oater service temperature range between about -40 "C 
and about 150'C, with a. range of -20«C to 120*C being preferred. 

IS The various layers of tubing are integrally laiainated to one 

another and resistant to delamination throughout the lifetime of 
the tubing. The^tubing thus formed will have a tensile strength 
of no less than 2Ss per mm sguare and an elongation value of at 
least 150%. The tubing will have a burst strength at 23''C and 

20 120*C of at least 20 bar. ihe multi-layer tubing of the present 
invention is sufficiently resistant to exposure to brake fluid, 
engine ^oil and peroxides such as those vhich nay be found in 
gasoline. 

The outer layer 12 may be ooapased of any nelt- 
25 processible extrudable thermoplastic material which is resistant 
to ultra violet degradation, extreme changes in heat and exposure 
to environmental hazards such as zinc chloride, and degradation 
vpon contact with engine oil and brake fluid. In general, the 
exterior layer is selected from the group consisting of 12 carbon 
3D block polyamides, 11 carbon block polyaoides as well as zinc 
chloride resistant 6 carbon block polyamides thermoplastic 
elastomers. These thermoplastic elastaaers are proprietary 

6 

I 
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ooapositiDns and commerclQlly available under tradenames such as 
SAHTOPRSNE, KRATON, SABLIHE and VICB£K. These materlels Mhich 
compose the outer layers can be present in their unmodified state 
or can be modified with various plastioisers, flane retardants 
5 and the like in manners which vould be known -to one reasonably 
skilled in the art. 

in the pra£erretl embodiment, a polyamide such as Nylon 
12 can be effectively employed. It is anticipated that the Kylon 
12 may be either modified or unmodified. If modified, it is 
10 anticipated that the material will contain various plastieizers 
as axe readily Icnovn in the art. 

The Hylon 13 outer layer ~16 preferably has a wall 
thickness between about 0.6 mm and about 0.9 mm with a preferred 
rancre being between about 0.7 and about 0.8 mm. As indicated 
IS previously, the material is extruded by conventional co-extrusion 
methods to any continuous length desired. 

The inner layer 14 is integrally bonded to the inner 
surface of the thick outer polyamide layer 12. in the present 
Invention, the inner layer 14 is a completely dissimilar 
20 permeation resistant, cheiuical resistant, fuel resistant 

thermoplastic material which is melt processible in normal ranges 
of extrusion, i.e. about 175"* to about ZSO'C. By the term 
"complBtely dissimilar" it is meant that the inner layer 14 is a 
non-polyanide material which is capable of adhesion to a bonding 
25 layer interposed between the thicJt outer layer and the inner 
layer in a manner which will be described subsequently. 

In the preferred embodiment, the thermoplastic material 
*rtjich comprises the inner layer is selected from the group 
consisting of polyvinylidine, fluoride, polyvinyl fluoride, and 
30 mixtures thereof. The preferred material is a polyvinylidine 
fluoroplastic derived from the theznal dehalogenation of 
cblorodif lueroethane commercially available under the tradenames 

7 
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■florafIjOK" and "KXKflR" from Atocbem Inc. aif Aqui-taine Group of 
I>hiladelphia , Pennsylvania . 

The themoiplastic material employed in the inner layer 
is capable □£ serving as a hydrocarbon barrier to prevent 
5 significant permeation o£ tlie aromatic and aliphatic components 
of ga&olina through to the polyamide outer layer of the tubing 
and thus, out to the siirroundlng environmsnt. 

In the preferred embodiaent, the inner layer 14 also 
exhibits conductive ctiaracteris-tics in that it ie capable of 

10 dissipation of electrostatic charge in the range of 10"* to lO"^ 
ohm/oxi^> The f luoroplastic material employed in the present 
invention may be inherently conductive in these ranges or, 
prsfsrably, includes in its composition a conductive media in 
sufficient ^antity to permit olectrostAtio dissipation in the 

15 range defined. Tbe conductive media may be any suitable material 

of a composition and shape capable of effecting this static 
dissipation. The conductive material may be selected from the 
group consisting of elemental carbon, stainless steel and highly 
conductive metals such as copper, silver, gold, nickel, silicon 

20 and mixtures thereof. The term "elemental carbon" as used herein 
is employed to describe and include materials commonly referred 
to as "carbon black". The carbon black CAn be present in the 
form of carbon fibers, powders, spheres, and the like. 

^e amount of conductive material contained in the 

25 fluorqplastic is generally limited by Considerations of lov 

temperatuTB durability and resistance to the degradative effects 
of the gasoline or fuel passing through the tubing. . In the 
preferred embodiment, the f luoroplastic material contains 
conductive material in an amount sufficient to effect 

30 electrostatic dissipation. However, the maximum amount employed 
therein is less than 5% by volume. 
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The conductive inaterial can either be Untjerstitially 
integrated^into the crystalline structure of tha polyiser .or can 
be ^o-polymarized therewitl^ Without being bound to any theory, > 
it: is believed that carbon-containing' ma-fcerials such as carbon 
5 black nsy be subject to\carbon co-polymerization with jJie -fCiii, v .j^ 
B\irrounding flueropXastio material. Material, such as stainless 
' ■; ■ Steel are more likely to be \interstitially integrated^ into the ^. 

■ ■■ l^crcystalline Etructure o^the] polymer. ' \ 

The f luoroplastic employed in the inner layer 14 of the 
10 present invention is, preferably, completely dissimilar in 

structure and composition to the outer polyamide layer . In order 
to acemiipiish effective lamination of the two dissimilar 
".' ^ materials, the tubing of the present invention also includes at 

least one intermediata layer i6 Interposed between the two 
15 previously described layers and ca-extruded therewith which is 

capable o£ achieving a suitable homogeneous bend between itself 
and the two respective layers. The intermediate bonding layer 16 
is generally composed of a more elastic material than that 
employed in the inner layer. 
30 Xn the preferred embodiment, the intermediate bonding 

layer IS is composed of a thermoplastic material which also 
exhibits properties of resistance to permeation of aliphatic and 
aromatic materials such as those found in fuel. The 
thermoplastic material employed herein is preferably a melt- 
25 preeessible ce-extrtidable fluoroplastic ^ich may or may not 
contain various plasticizers and other modifying agents. The 
intermediate bonding layer 16 is, preferably, a polyvinylidine 
difluorids polymer, a polyvinyl fluoride polymer, or misetures 
thereof wbioh exhibits an infinity to conventional polymers such 
30 as Nylon 12 with polyvinylidine fluoride being most preferred. 
One such polymeric material is commercially available from 
Atochem under the tradename ADEFLOIT. 
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, The intermediate bonding layor 16 , in addition to 

permitting a homogeneous bond between the inner and outer layers 
and exhibiting resistance to permeation of fuel costponentSf also 
taay exhibit conductive or static dissipatlve characteristics sueh 
S as those described previously. Thus, the intermediate bonding 
layer 16 may optionally include sufficient amounts of a 
conductive nedia to effect electrostatic dissipation in the range 
of 10"* to 10"' ohm/cm*. As with the inner layer, the 
Intemediate bonding layer nay be inherently electrostatically 
10 dissipative or may ba rendered so by the inclusion of certain 
conductive oaterial such as those selected from the group 
consisting of eXenental cairbon, stainless steel, copper, silver, 
gold, nickel, silicon and mixtures thereof. 
■ In the preferred ejnbodiment, the inner layer 14 and the 

IS bonding layer IS are maintained at the minimum thicJoiess to 
■ \ . .' ■' prevent permeation of the fuel through the tubing material. It 

is preferred that the amount of hydrocarbon permeation be no 
greater than 0.5 graios per meter aguared in a 24 hour interval. 
; . ■ : > . It is anticipated that the thickness of the inner and 

■ J.^ 20 Intemediate layers can be modified to accomplish this end. in 

the preferred embodiment, the inner layer has a thickness between 
/■ > about O.Ol mm and about 0.2 itm with a thickness of about 0.05 mm 

to about 0.17 mm being preferred. The intemediate bonding layer 
generally may have a thic3cness leas than or equal to that of the 
25 inner layer. In general, the intermediate bonding layer has a 

thickness between about 0 . 01 mm and about 0.2 ma vlth a thickness 
between about 0.05 mm and about 0.15 una being preferred. 

The total wall thickness of the tubing of the present 
invention is generally between about O.S mm and about 2.0 mm with 
30 a wall thickness between about 0.8 and about 1.25 mm being 
preferred. 



10 
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Tlie tubing of tbe present invention may also, 
optlDnally include an outer jacket (not shovn) whi<^ surrounds 
the outer layer. The fourtb outer jacket may be either co- 
axtruded with the other layers during the extrusion process or 
may ba prut on in a subsequent process such as cxoss-extrusion. 
The outer jacket may be made of any material chosen for its 
structural or insulative characteristics and may be of any 
suitable wall thickness. In the preferred embodiment, the outer 
jacket may be made of a thermoplastic material selected from the 
group consisting of zinc-chloride resistant Nylon Nylon 11, 
nylon 12, polypropylene, and thermoplastic elastomers such as 
SANTOFKENE, EBATOH, VXCSEK a»d SSBUm:. If desired, thasa 
materials may be modified to include flams retardants, 
plasticizers and the like. 



11 
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what le ela-imed is ■ 

1 1. A layered tubing for use in a notor vabicla, tbe 

2 tuliing comprising: 

3 a thick flexible outer tubing having an inner and an 

4 outer face, the outer tubing consisting essentially of an 

5 extrudable thermoplastic having an elongation value of at least 

6 150% ami an ability^ to withstand impacts of at least 2 ft/lbs at 

7 temperatures below about -20»C; 

9 a. thin intermediate bonding layer bonded to the inner 

9 face of the thicic outer layer, the bonding layer consisting 

10 essentially of an extrudable melt processible thermoplastic 

11 capable of sufficiently permanent laminar adhesion to the inner 
13 face of the outer tubing; and 

13 an inner hydrocarbon barrier layer bonded to the 

14 intermediate bonding layer, the inner layer consisting of an 

15 extrudable, nelt-processlhle thermoplastic capable of 

16 sufficiently permanent laminar adhesion with the intermediate 

17 bonding layer, the themoplastio containing as a major 

IB constituent a fluoroplastic selected from the group consisting of 

19 polyvinylidine fluoride, polyvinyl fluoride, and mixtures 

20 thereof. 

1 2. ^e tubing of claim 1 wherein the inner hydrocarbon 

2 barrier layer has is capable of dissipating electrostatic energy, 

3 the electrostatic dissipation capacity being in a range between 

4 about 10"* to 10"^ ohm/cm^. 

1 3. The tubing of claim 1 Wherein the inner hydrocarbon 

2 layer contains quantities of a conductive material sufficient to 

3 provide electrostatic dissipation capability in a range between 

4 about 10~* to 10"' ohm/CTt*. 

12 



.PAGE 4Sf5r RCVD AT 8l23f2ll04 S:19:45 PM [Eastern Daylight rirne] * SVR:USPTO{^^^^ 



-AUG. 23. 2004 - 4:44PM YOUNG & BASRE NO. 909 P. 47/51 



1 4. Tbe tnibing of Claim 3 wberein the ooncluc^ve 

2 material is selected from the group consisting of elemental 

3 carbon, copper, silver, gold, nickel, silicon, and mixttures 

4 thereof . 

1 5. The tubing of claim 4 wherein the conductive 

2 material is present in an anount less them about 5% by volume of 

3 the polyuerio tnaterial. 

1 $■ The tubing of claim 4 therein the conductive 

2 naterial is intetetitially integrated into the milling process 

3 fluoroplastic material. 

1 7. The tubing of claim 4 vherein the conductive 

2 material is elemental carbon and is copalymerized with the 

3 eactrudable f luoroplastic material. 

1 6. Tbe tubing of claim 1 wherein the extrudable 

2 thermoplastic of the thick outer tubing is a polya&ide selected 

3 from the group consisting of Nylon ii, HyXon 13, zinc chloride 

4 resistant Nylon 6, Santoprene, Kraton, Vicbem^. Sarlink and 

5 mixtures thereof, 

1 9. The tubing of claim 1 wherein the thermoplastic 

2 material employed in the intermediate bonding layer exhibits at 

3 least some resistance to interaction with short -chain hydrocarbon 

4 molecules present in material conveyed tbrougb the tubing. 

1 10. The tubing of olain 9 Wherein the thermoplastic 

2 material employed in the intermediate bonding layer Includes as a 

3 major constituent an extrudable, melt processibls f luoroplastic 
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4 selected from the group consisting of polyvinylidlne fluoride, 

5 polyvinyl fluoride, and mixtures thereof. 

X 11, The tubing of claim l fmrtliar cwimprising an 

2 extex-ior jacKet overlying the thick outer t^Jaing, ths exterior 

3 jacket campaseii of a material consisting essentially of 9. 

4 thermoplastic rubber selected from the grau£i consisting Of Kylon 

5 11, uyion 12, zinc chloride resistant Kylon 6, santoprene, 

6 Kraton, vicbem, Sarlink and mixtures thereof. 

1 12. A layered tubing for use in a motor vehicle, the 

2 tubing comprising; 

3 an outer tubing having an inner and an outer face, the 

4 outer tubing consisting essentially of an extrudabie polyamida 

5 having an elongation value of at least 150% and an ability to 

6 withstand impacts of at least 2 ft/ lbs at temperatures below 

7 . about -20*C; 

B an intermediate bonding layer having a thickness 

9 between about 0.01 mm and about 0.2 mm bonded to the inner face 

10 of the thick outer layer, the bonding layer consisting 

11 essentially of an extrudable thernoplastia capable of 

12 sufficiently permanent laminar adhesion to the polyamlde outer 

13 tubing and exhibiting at least some resistance to short-chain 

14 hydrocarbon molecules conveyed through the tubing,- and 

15 an inner hydrocarbon Isarrier layer bonded to the 

16 intermediate bonding layer having a thickness between about O.Ql 

17 mm and about 0.2 mm, the inner layer consisting essentially of an 
IB extrudable, melt process fluoroplastic capable of sufficiently 

19 permanent laminar adhesion vith the intermediate bonding layer 

20 selected from the group consisting of polyvinylidine fluoride, 
- 21 polyvinyl fluoride, and mixtures thereof. 

14 
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1 13, The tTjbtng of elalu 12 wherein the extrudable 

2 tttennoplastic of tliB thick outer tuning is a polyamide selected 
■ \ 3 from the group consisting of Nylon II, itylon 12, zinc chloride 

4 resistant My Ion 6, and mixtures thareaf. 

1 14. The tubing of claim 13 further con^rising an 

2 exterior jacket overlying the thick outer tubing, the exterior 
2 . jacXet coziposed of a material consisting essentially o£ a 

4 thermoplastic rubber selected from the group consisting of Nylon 

5 11, Nylon 12, zinc chloride resistant Hylon 6. santoprene, 

6 Kraton, Vichem, Sarlink, polypropylene and mixtures thereof. 



1 15. The tubing of claim 12 wherein tba thermoplastic 

2 material of the inner hydrocarbon barrier layer is capable of 

3 dissipating electrostatic energy, the electrostatic dissipation 

4 capacity being in a range between about 10'^ to 10~^ ohffi/cm^. 




1 16. The tubing of claim 12 wherein the thermoplastic 

2 material of the inner hydrocarbon barrier layer contains 

3 quantities of a conductive material sufficient to provide 

4 electrostatic dissipation capacity in a range between about io~^ 

5 to 10"' ohm/cm^. 

1 17. The tubing of claim 1€ wherein the conductive 

2 material is selected from the groi^ consisting of elemental 

3 carbon, copper, silver, gold, nioJcel, silicon, and mixtures 

4 thereof and is present in an amount less than obout 5% by voltime 

5 of tbe extrudable thermoplastic material. 

1 18. The tubing of claim 16 wherein the conductive 

2 material is ijiterstltially integrated into the melt prooassible 

3 f luoroplastic material. 

15 
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1 19- The tubing of cl&ifii IS wherein tfce conductive 
. ■'. 2 material is elemental c?irbon and is copolynerized vitb tbe 

3 extrudable f luoroplastic material. 

. ^ 1 20. The tubing of claim i2 vherein the extrudable 

2 themoplastic of the intexnediate bonding layer is a 

3 f luocopleistic saleetsd from the group consisting of 

i polyvinylidine fluoride, polyvinyl fluoride, and mixtures 

5 thereof. 
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MOUI-LAYER FUEL ftfiP VftPOR ITJBS 

ftaSTRACT OP- TttK DisomstntR 

A layer ad tnihln? for use in a notor v^iele composed of 
a tliiclc ou'tar -tubing having an inner and an outer face, t3i& outer 
5 tubing made of an extrudable thermoplastic such as a polyamide 

like Hylon 12; a thin intemediate bonding layer bonded to the 
inner face of the thick outer layer, the bonding layer composed 
of an extrudable mslt-precessible thermoplastic capable Of 
sufficiently permanent laminar adhesion to the polyamide outer 

10 tubing; and an inner hydrocarbon barrier layer bonded to the 

Intermediate bonding layer, the inner layer composed of an 
extrudahle, melt processible thermoplastic capable of 
sufficiently permanent laminar adhesion vith the intermediate 
bonding layer, the thermoplastic containing as a major 

15 constituent a flueroplastic such as polyvinylidine fluoride, 
polyvinyl fluoride, and the like. 
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